FROM SCHLUMBERGER K. K. IP Legal 



2006 04 27 



19: 19/ST. 19:17 



P008 



Appl. No. 10/675,053 

Ai-ndt. Dated 27 April 2006 

Reply lo Office Action of 29 December 2005 



Attorney Docket No. 26.0239 US 



Page 5 of 13 



This listing of claims will replace all prior version, and listings, of claims in the application: 
Listing of Claims: 



traversed by a wellbore comprising: 

a multi-pole acoustic transmitter, the multi-pole acoustic transmitter comprising fowat 
least one monopole acoustic transmitter eferoentselement housed in a drill collar, the feu* 
m onopoly aooustic tr^mitter - clomciits - bcHi g-sp QOod arouiid - a - ciroumfcronce of - the - dr - ill oollor 
at - approximately equal int o rval sa t least one monopole acoustic transmitter element comprising 
hollow cylindrical transducer . 

2. (currently amended) The apparatus of claim 1, wherein the at least_one 
monopole acoustic transmitter element comprises four monopole acoustic transmitter elements 
spaced around a_circumference of the drill collar at approximately equal intervals and_are 
operable m av-be-operated to create a monopole, dipole, or quadrupolc pressure field. 

3. (currently amended) The apparatus of claim 4-2, wherein each of the four 
monopole acoustic transmitter elements comprises a cylindrical transducer and a canister 
surrounding the transducer. 

4. (original) The apparatus of claim 3, wherein the canister and cylindrical transducer 
arc filled with a fluid. 

5. (currently amended) The apparatus of claim 4, wherein the canister comprises 
Radel© R a polymer material . 

6. (original) The apparatus of claim 5, wherein the canister comprises a thickness of 
approximately 1mm. 

7. (currently amended) The apparatus of claim 34, wherein the cylindrical 
transducer comprises a PZT piezo-ceramic transducer. 



1 . (currently amended) 



An apparatus for generating acoustic waves in a formation 
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8. (original) The apparatus of claim 7, wherein the PZT piezo-ceramic transducer 
comprises a tube resonator, 

9. (original) Hie apparatus of claim 8, wherein a voltage is supplied to the PZT piezo- 
ceramic transducer at a frequency lower than a resonant frequency of the piezo-ceramic 
transducer. 

10. (original) The apparatus of claim 8, wherein a voltage is supplied to the PZT piezo- 
ceramic transducer at the resonant frequency of the fluid in the piefco-ceramic transducer. 

1 1 . (original) The apparatus of claim 8, wherein the cylindrical transducer is sandwiched 
by spacers having one or more holes therein to avoid closing ends of the cylinder and prevent 
resonance inside the tube resonator. 

12. (original) The apparatus of claim 11, wherein the spacers are sandwiched by first 
and second heads, and wherein the first and second heads are connected by a rod. 

13. (original) The apparatus of claim 12, wherein the canister houses the spacers, the 
first and second heads, and the rod. 

14. (original) The apparatus of claim 7, wherein the PZT piezo-ceramic cylinder is a 
single piece and is uniformly polarized in a radial direction by applying a voltage across internal 
and external surfaces of the cylinder with electrodes. 

15. (original) The apparatus of claim 7, wherein a diameter of the PZT piezo-ceramic 
transducer expands or contracts via a d3 1 effect when a voltage is supplied. 

16. (currently amended) The apparatus of claim 4-2, wherein each monopole 
acoustic transmitter element comprises a bellows-type pressure compensator to maintain or 
restore linearity between supplied voltage and output pressure. 

17. (currently amended) The apparatus of claim 4-2, wherein the four monopole 
acoustic transmitter elements arc housed in respective recesses in the drill collar and covered by 
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a shield, the shield comprising a hole for allowing pressure pulses generated by each monopole 
acoustic transmitter element to travel therethrough. 

18. (original) Hie apparatus of claim 17, wherein each of the respective recesses 
comprises an associated shield, the associated shield comprising a plurality of holes for allowing 
pressure pulses generated by each monopole acoustic transmitter to travel through. 

19. (original) The apparatus of claim 17, wherein the recesses comprise a depth of 
approximately 3.0 to 5.0 cm, a width of approximately 3.0 to 5.0 cm, and a length of 
approximately 25 to 35 cm. 

20. (original) The apparatus of claim 18, wherein the four monopole transmitter 
elements each comprise a PZT piezo ceramic cylinder having a length ranging between 
approximately 5 and 10 cm and a wall thickness ranging from approximately 3 to 6 mm. 

21. (original) The apparatus of claim 18, wherein the drill collar comprises a pipe 
having an outer diameter of approximately 17.5 cm and an inner diameter of approximately 6.1 
cm. 

22. (currently amended) An apparatus for generating an acoustic signal in response 
to input control signals comprising: 

a plurality of hollow c ylindrical piezo ceramic elements spaced about a common 
circumference to form a multi-pole acoustic transmitter; 

a plurality of polymer canisters, each of the plurality of polymer canisters associated with 
and housing one of the plurality of cylindrical piezo ceramic elements; 

wherein each of the plurality of cylindrical piezo ceramic elements is uniformly 
polarized in a radial direction. 

23. (original) The apparatus of claim 22, wherein each of the plurality of cylindrical 
piezo ceramic elements comprises an internal and an external surface, wherein each of the 
internal and external surfaces includes a conductive layer, the conductive layers comprising 
electrodes. 

24. (original) The apparatus of claim 23, wherein die electrodes uniformly polarize the 
cylindrical piezo ceramic elements radially, 
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25. (original) The apparatus of claim 23, wherein the conductive layers comprise silver. 

26. (original) The apparatus of claim 23, wherein the conductive layers comprise nickeL 

27. (original) The apparatus of claim 22, wherein none of the plurality of cylindrical 
piezo ceramic elements is pre-stressed. 

28. (original) The apparatus of claim 27, wherein none of the plurality of cylindrical 
piezo ceramic elements is wound under tension with high strength fibers* 

29. (original) The apparatus of claim 22, wherein each of the plurality of canisters is 
filled with a fluid, and wherein the plurality of cylindrical piezo ceramic elements and canisters 
comprises fluid resonance tubes. 

30. (original) The apparatus of claim 29, wherein each of the plurality of cylindrical 
piezo ceramic elements comprises first and second ends, wherein the first and second ends are 
both open and spaced from the associated canister. 

3 1 . (original) The apparatus of claim 29, wherein the input control signal comprises a 
frequency lower than a resonant frequency of the plurality of cylindrical piezo ceramic elements. 

32. (original) The apparatus of claim 31, wherein the input control signal comprises a 
frequency at a resonant frequency of the fluid inside the plurality of cylindrical piezo ceramic 
elements. 

33. (original) The apparatus of claim 32, wherein the resonant frequency of the fluid 
inside the plurality of cylindrical piezo ceramic elements is controlled by geometry of the 
plurality of the cylindrical piezo ceramic elements to be below the resonant frequency of the 
cylindrical piezo ceramic elements. 

34. (original) The apparatus of claim 22, wherein one or more of tibe plurality of 
cylindrical piezo ceramic elements comprises a bellows-type pressure compensator. 
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35. (currently amended) The apparatus of claim 22, wherein the plurality of polymer 
canister comprises Radel& ^polYnhenylsulfonc . 

36- (original) The apparatus of claim 22, wherein the plurality of cylindrical piezo 
ceramic elements and associated canisters comprises four cylindrical piezo ceramic elements and 
canisters equally spaced about the circumference within respective recesses of a drill collar. 

37. (original) The apparatus of claim 36, wherein each of the four cylindrical piezo 
ceramic elements comprises a monopole source, and wherein the combination of the four 
cylindrical piezo ceramic elements comprises a monopole, dipole, or quadrupolc source 
depending on the input control signals. 

38. (currently amended) An acoustic transmitter apparatus comprising: 
a drill collar for coupling to a drill string, the drill collar comprising a recess; 

a hollow c ylindrical piezo ceramic element enclosed by a canister disposed in the recess; 
a fluid contained by the canister; 

wherein the cylindrical piezo ceramic element also comprises a tube resonator; 

wherein a length of the cylindrical piezo ceramic element and the fluid are chosen 
such that a fluid resonance frequency is lower than a resonance frequency of the cylindrical 
piezo ceramic element 

39. (original) The apparatus of claim 38, further comprising 

four recesses in the drill collar equally spaced about a circumference of the drill collar; 

and 

four cylindrical piezo ceramic elements enclosed by canisters disposed in the four 
recesses. 

40. (original) The apparatus of claim 39, wherein each of the four cylindrical piezo 
ceramic elements comprises a monopole source, but used in combination the four cylindrical 
piezo ceramic elements comprises a monopole, dipole, or quadrupole transmitter. 

41 . (original) The apparatus of claim 38, wherein the cylindrical piezo ceramic element 
is uniformly polarized in a radial direction. 
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42. (currently amended) The apparatus of claim 38, wherein the cylindrical piezo 
ceramic element further comprises a bellows-type pressure compensator, and wherein the 
canister comprises Rodolfl) R a polymer material . 

43 . (currently amended) A method of logging a wellbore while drilling comprising: 
providing an acoustic transmitter comprising a hollow cylindrical transducer, a nd a 

plurality of receivers on a drill string, the acoustic transmitter arranged to provide a monopole, 
dipole, or quadrupole source from a plurality of monopole source elements; 

activating the acoustic transmitter; and 

receiving and recording waveform data. 

44. (original) The method of claim 43, further comprising enhancing output pressure 
from the acoustic transmitter by employing the acoustic transmitter as a resonance tube and 
applying a signal to the acoustic transmitter at a fluid resonance frequency of the resonance tube. 

45. (currently amended) The method of claim 43, further comprising using waves 
generated by a d3 1 effect from the transducer and not waves generated by a &33d33 effect. 

46. (currently amended) The method of claim 43, wherein providing an acoustic 
transmitter further comprises providing a hollow c ylindrical piezo ceramic element and 
polarizing the element uniformly in a radial direction. 

47. (original) The method of claim 46, wherein the polarizing further comprises coating 
an inner and an outer surface of the clement with a conductor to create two electrodes, and 
applying a voltage thereacross. 

48. (withdrawn) A method of making an acoustic transmitter comprising: 
providing a cylindrical piezo ceramic element; 

coating an inner and an outer surface of the element with a conductive layer to create 
electrodes; 

housing the cylindrical piezo ceramic clement in a canister; 
filling the canister with a fluid; and 
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sizing the cylindrical piezo ceramic element such that a fluid resonance frequency in the 
cylindrical piezo ceramic element is lower than a resonance frequency of the piezo ceramic 
element itself. 

49. (withdrawn) The method of claim 48, wherein the cylindrical piezo ceramic 
element is uniformly polarized in a radial direction by the electrodes, 

50. (withdrawn) The method of claim 48 5 further comprising: 
providing four cylindrical piezo ceramic elements; 

inserting the four cylindrical piezo ceramic elements in four recesses equally spaced 
about a circumference of a drilling collar; and 

enclosing the four cylindrical piezo ceramic elements with four plates having windows 

therein. 

51. (withdrawn) The method of claim 48, further comprising adding a bellows-ty^c 
pressure compensator to the cylindrical piezo ceramic clement, 
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